
HOMOLOGY O F  THE CENTROSOME. 

s. TVATASI~. 

NATURALISTS are now pretty well agreed that the lately 
discovered centrosome with its sphere represents a highly 
important constituent of the cell, and that it is to be placed in 
the category of permanent cell-organs, as the nucleus and the 
cytoplasm. Indeed one1 of the foremost cytologists has 
recently said that the discovery of the centrosome marks as 
important an era in the history of biological science as did the 
discovery of the cell-nucleus itself. 

Those who have paid any attention to the subject will hardly 
question the physiological importance of the centrosome. But 
the view that the centrosome with its sphere is an organ equal 
in morphological importance and as permanent as the nucleus, 
is open to serious criticism. For the claim of the absolute 
novelty and the unique character of the centrosome is, after 
all, based on the assumption, that among the hitherto recognized 
eZewzents in the ceZZ, there is nothing comparabZe to the centro- 
some, either in function or in structure. 

If there is any known element in the cell which can be 
shown to have a close affinity to, or identity with, the centro- 
some, its claim as a unique morphological organ in the cell 
must fall to the ground. 

Investigators who have studied this subject have generally 
selected cells in which the centrosome appeared in a most con- 
spicuous form ; and naturally, as the main object a t  first was 
to  demonstrate its existence. But the possibility of discovering 
the homology of the centrosome among the other cell-constit- 
uents, if such exist, is rendered all the more difficult, as long 
as our attention is directed only to those cells in which the 
centrosome has reached its .highest development. 

Among the number of animal and vegetable cells I have 
studied, a most instructive illustration of this fact is afforded 

1 W. Flemming : Ueber ZeZZteiZumg. Verhandl. d. Anat. Gesellschaft zu Munchen, 
1891. 
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by the egg of Unio (Fig. I ) ,  When the egg of Uniu is killed 
with an osmo-picric mixture, and stained with acid-fuchsin, and 
afterward washed with the alcoholic solution of picric acid, we 
see the centrosome standing out with a remarkable sharpness 
from the rest of the cell-structure, inasmuch as the acid-fuchsin 
deeply stains the centrosome, while the spindle fibres and the 
rays of the aster remain practically unstained. On casual 
observation, we see nothing in the cell that can be compared 
with such a centrosome (Fig. I ,  C.), The view that regards 
the centrosome as a unique organ of the cell would certainly 

Tig I 

FIG. I .  The egg of Unio complanata. C. C. centrosome ; N. nucleus ; YK. 
yolk-granules. The egg was killed in the picro-osmic mixture, and stained with 
acid-fuchsin, and afterward washed with the alcoholic solution of picric acid. 
The centrosome appears to be hollow, the optical section shows it as a very thick 
ring of deeply staining substance. 

seem justified, at least, if we cannot find any element in the 
cell that can be directly compared with it, as in the case of the 
egg-cell of Unio. 

But we must remember that we may be here dealing with an 
extreme case, and therefore, just the example to be avoided on 
account of the excessive development of the centrosome, if we 
wish to find any element in the cell that is to  be directly 
compared with it. 
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Let  us begin, therefore, with the cell in which the centrosome 
has not attained such an extraordinary development, as in the 
case of Uniu. 

The accompanying 
illustration (Fig. z), which is taken from the beautiful work 
of Heidenhain, represents the white blood corpuscle of the 
Salamander. In  the center of the aster we find two pieces of 
deeply staining bodies, which are the centrosomes (C.). Around 
them, there exists a zone composed of smooth cytoplasmic fila- 
ments radiating outwards. Along the periphery of this zone 
we find a number of granules. These granules are considerably 
smaller in size compared with the centrosome. The  cyto- 
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Such a cell we find in the leucocyte. 

Fig. 2. 

FIG. 2. The Zeucocyte of Sdamaizder, showing the radical system of the cyto- 
plasmic filaments, (aster) and the distribution of the microsomes (M.) ; C., centro- 
some ; N. nucleus. After Martin Heidenhain, Ue& Kern urzd Pratoplasma, 
Festschrift fur A. von Kolliker, 1892, Taf. X, Fig. 9. 

plasmic filaments, which run from the periphery of the above- 
mentioned zone outward, contain a-series of fine granules of 
varying sizes. These highly staining granules are the micro- 
sumes (Fig. 2, M.), or more strictly, the cyta-micrusumes, and 
all of them stain exact?y like the centrosome. The  microsomes 
are imbedded in the substance of the cytoplasmic thread, and 
are different from the metaplasmic products, such as the non- 
living granules, nutritive particles which are often quite 
abundant in the cell. 
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As mentioned above, the size of the microsome varies, and, as 
a general rule, becomes smaller as it lies nearer the periphery of 

\ . - 
FIG. 3. BZarionteres i n  one of the 

radii i n  tfie bZastodisc of Loligo pealii, 
showing the formation of the spindle 
fiiaments from the centrosome. In 
the segment (I) ,  the nucleus is still 
spherical, and no spindle rays are yet 
distinctly- visible ; in (2) the outline 
of the nucleus is flattened and the 
spindle rays are distinctly visible ; in 
(3) and (4) the increase in the bulk 
of the spindle, and the corresponding 
decrease in that of the nucleus go 
hand in hand. 

the cell. There are, then, two 
important facts to be noted, viz., 

I. The  microsomes stain 
exactly like the centrosomes, 
and therefore both differ from 
the cytoplasmic thread proper 
in one common particular. 

2. The size of the microsomes 
gradually increase as we pass 
from the periphery of the cell 
toward the centre of the aster. 

Two questions arise, vis., 
Are not the centrosome and 
the microsome essentially one 
and the same thing? Is not 
the reason why the centrosome 
is larger than the rest, because 
it is found a t  one end of the 
linear series toward which the 
size of the microsome graduaIly 
increases ? 

Considered purely from the 
anatomical and the micro- 
chemical side, I must answer 
these questions in the affirma- 
tive, and see no reason why the 
centrosome can not be regarded 
simply as n microsome of gigmz- 
tic size. If this statement can 
be maintained, then, the abso- 
lute uniqueness claimed for the 
centrosome as a cellular elc- 
ment, must be given up, for as 
is well known the microsome is 
the universally distributed ele- 
ment in the cytoplasm of animal 
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and vegetable cells. The difference between the microsome 
and the centrosome according to this view, is merely that of 
size, and the size taken by itself is no decisive criterion by 
which we can differentiate one morphological element from 
another. 

Supposing, then, that the centrosome may be considered as 
an enlarged form of the microsome, which exists everywhere in 
the cell-body, it may be further asked, How is it that a certain 
microsome attains such a gigantic size above all others? Is 

Fig. 4 

FIG. 4. Blastmeres fyonz t i r e  central pnvi of the dlastodisc of L o l i p  pazzii. 
The segments ( I ) ,  (21, (3 ) ,  (4), (s), etc. show different stages in the formation of 
the spindle from the centrosome. 

there any special arrangement in the cytoplasm which favors 
the production of such a large microsome at a particular point ? 

The problem is a broad one, and involves the discussion of 
the relation existing between the microsome and the cytoplasmic 
thread proper. 

The microsome of the cell-body is more often located at  
the junction of two or more cytoplasmic filaments. In  other 

The  following is my provisional answer. 
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cases microsome appear as varicosities on a single thread, 
without any visible cross-threads. This latter appearance may 
be due, in some cases, to the plane of the cross-threads lying 
in position which makes them invisible in a given section, or 
it may be due to the technical difficulty of preserving such 
extremely delicate cross-threads in a certain cell. Neither of 
these remarks, however, apply to those cases in which the mi- 

FIG. 5. Diagram of a dividingcetl, showing the cytoplasmic framework of the 
caryokinetic figure and its relation to the rest of the cell-body. The chromosomes 
and the spindle fibres which are directly concerned with their division are 
omitted from the diagram. C. C., Centrosomes; S., Spindle filaments; M., 
microsomes or Cyto-microsomes ; E p .  M., Equatorial microsomes or “cell-plate,” 
the “ tnicrosmnes clrromatiques ” of Guignard ; A P. C., “ AsiroceZe ” (Fol), the 
“zoPte mha‘uUaire” of the attractive sphere of E. van Beneden ; As. 3, fibres of 
the aster, with microsomes imbedded in the substance of each fibre, giving rise 
to the varicose appearance. The diagram is especially intended to show the 
distribution of the microsomes in different parts of the cell. 

crosomic varicosities appear in the substance of straight spindle 
filaments without any cross-branches. It further appears prob- 
able that the substance of the cytoplasmic thread and that of 
the microsome stands in a certain genetic relationship. In 
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short, the history of the microsome and the filament runs in a 
cycle. The microsome may be converted into the cytoplasmic 
filament, and the filament, in turn, may give rise to a micro- 
some. The cytoplasmic filament may be called the nctivc phase, 
and the microsome the inactive phase of the living cytoplasm. 
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If we accept the general state- 
ment that the microsome is more 
commonly found at  the junction 
where two or more cytoplasmic 
threads meet, then the problem 
of the origin of the centrosome 
in the centre of the aster is 
greatly simplified. For the centw 
of the aster is the p o h t  whcia tkc 
gyentest nmt ~ E Y  o f  cytop lasin ic 
JtiZavzents meet with oze nnothoi; 
and,the size of the ~nicrosoi?ze p o -  
dz~ccd at szich n place mzust be 
corm.qkmdi?zg& bye. In  other 
words, the microsome produced in 
the centre of the aster is the 
centrosome. 

The  centrosome thus produced 
gives rise in turn t o  a new set of 
cytoplasmic fibres -the spindlc 
filaments. The  view that the 
spindle fibre originates from the 
centre of the aster, and not from 
the nucleus I have given elsewhere. 
A glance at  a series of caryokinetic 
figures (Fig. 3 and Fig. 4) will 
show that such is really the case. 
The  important fact that may be 
observed in this connection, is that 
those filaments produced by the 
ccntrosome arc the smooth fibres 
which are free from varicosities, 
at first. The  obscrvations of 

FIG. 6. T k e  conrzrrfim tissue 
cells from the lwzg qf Sulamandw. 
C., centrosome ; N., Kucleus ; 
ZR., “ Zwischenkorper.” After W. 
Flemming : Neue Beitrage zzw 
Kenntniss der ZeZZe. Arch. f. 
mikr. Anat. Bd. XXXVII, 1891, 
Taf. XXXVIII,  Fig. 13. 
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Hermann,l Flemming2 and others on the formation of the 
small but perfect spindle at a distance of the nucleus, bear 
the same interpretation, viz., the conversion of the m a t e n d  of 
the centrosome into the $&yes of the syindle. On the other 
hand, it may be incidentally observed here, that the forma- 
tion of the perfect spindle in the substance of the cell- 
body, at some distance from the nucleus, shows pretty strongly 
against the view that the contents of the nucleus has any- 
thing to do with the formation of the spindle filaments. 

The  view that places the microsome in the same category 
with the centrosome throws a further light on the obscure 
points connected with the formation of the 1 6  cell-plate ” (Fig. 5, 
Eq. M.) and the 

cell-plate ” which is formed in the equatorial planc of 
the spindle of a certain cell, is composed of a series of knob-like 
enlargements of the filaments. This knob-like enlargement of 
the  filament stains deeply and shows exactly the same micro- 
chemical reaction as with the microsome and the centrosome. 
This series of knob-like thickenings have been called by 
Guignard the microsomes chrumatiqves ” on account of their 
affinity to  staining reab uents. 

I hold that these thickenings are identical with the cyto- 
microsomes, and are produced by the spindle filaments in sitzt. 
They may be called the eqaaton*aZ microsomes (Fig. 5 ,  Eq. M ) .  
Morphologically considered, the spindle filament stretching from 
pole to  pole of the caryokinetic figure is noth‘ing but an 
extremely elongated cytoplasmic filament with but one micro- 
some in the middle, with two huge microsomes at  the 
extremities. In  this respect the spindle filament is directly 
comparable with any portion of the filament of the aster, in 
which the microsomes are consecutively arranged, at regular 
intervals. There is this difference between them, however, 
that while in the filament of the aster the distance between the 
two consecutive microsomes is extremely short, in the filament 

Zwischenkorper ” (Fig. 6, Zk.). 
The 

1 F. Hermann: Beitmg ZUY Lekre von der Entstekung der KaryokinetiJchen 

2 W. Flemming: New Beifrage Bur &nntniss der ZeZZe. Arch. f. mikrosk. 
SpindeC. 

Anatomie, Bd. XXXVII, 1891. 

Archiv f. mikrosk. Anatomie, Bd. XXXVII, 1891. 
11. 



No. 2.1 HOMOLOGY OF THE CENTROSOME. 441 

of the spindle it is quite long, extending from the pole t o  t he  
equator of the spindle. 

If the spindle fibres do not run nearly parallel with one 
another, as in Fig. 5 ,  S, but converge to a focus in the 
middle plane of the caryokinetic figure, then these equatorial 
microsomes will fuse into one solid body and give rise to a 
(6 Zwischenkorper ’) (Fig. 6, Zk.). In other words, the 
6 ‘  Zwischenkorper ” is an intercellular centrosome, produced 
at the equatorial plane of the spindle in precisely the same 
way as the ordinary centrosome. 

The present view further suggests a new explanation con- 
cerning the nature of the centrosomes in the barrel-shaped 

Fig. 7. 

I 1 

FIG. 7 .  The division of the secondary embryosac-nucleus of Moniropa 
I@po$i,itys, X., Knob-like thickenings of the filaments composing the barrel- 
shaped spindle. These thickenings are the ‘‘polar vzicyosomes” of the text. 
After Strasburger, ZeCLbiZdung und ZcUtheiZz/ng; 1880, Taf. V. Fig. 134. 

spindle, as in the Ascaris (maturation-spindle), Sjiyogyya, Mono- 
tropa (Fig. 7) and several others. In these forms the caryo- 
kinetic spindle appears truncated at both ends. Instead of 
the spindle fibres converging to a point as they usually do, 
they terminate abruptly at a certain distance from the equa- 
torial plane. The usual astral centre is wanting. If our view 
of the centrosome be correct, we should not find it in such a 
form of the spindle, but each jYament or a g o u )  of f e w  
j h n e n t s  ought to have a microsowe - a srnalZ, inde$en&nt 

centrosome,” ns it were - at the extrewzities of thej2a;t;pzent or  of 
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the gym@ of the jiZaments. I have no personal observation on 
this subject, nor am I aware that such a view has ever been 
suggested, But the figure I have copied from Strasburger 
(Fig. 7) seems to  favor such a view. The  knob-like enlarge- 
ment of the filament at its extremities (Fig. 7, X.), I consider 
to  be microsomes. Such a group of microsomes may be called 
the polar micyosomes, in distinction from the equatorial micro- 
somes (Fig, 5 ,  Eq. M.), which are found at the equatorial plane 
of the spindle. 

If we suppose that these free ends of the spindle filaments 
(Fig. 7) be brought together to  a point, the  thickened enlarge- 
ments of each fibre will fuse with one another and form a 
veritable centrosome, a t  each end of the spindle. 

The relation of the solitary centrosome at the end of the 
ordinary spindle to  the independent microsomes at the free 
ends of the individual filaments of the truncated spindle, is 
precisely the relation existing between the ([ Zwischenkorper ” 
and the equatorial microsome or [ t  cell-plate.” In  the one the 
material of the microsome is concentrated into one solid body, 
and in the other it is distributed into several independent 
pieces . 

In  way of summary, we may say ( I )  that the centrosome is not 
a unique organ of the cell, but is identical with the microsonze 
which exist everywhere in the cytoplasm. This view further 
explains (2) the nature of the [‘ cell-plate,’’ which may also be 
called the equaton’ab microsomes. (3) When such microsomes 
at the equatorial plane of the spindle fuse into one solid body, 
it is known as the “Zwischenkoqer.” (4) The  knob-like 
thickenings at  the free-end of the spindle fibre as in Fig. 7, X, 
are probably the microsomes. The  barrel-shaped spindle 
possesses, according to this view, several independent micro- 
somes, instead of one centrosome, at each pole of the 
caryokinetic figure. 

If these views be further substantiated by a future research, 
the centrosome, far from being a unique structure, is one of 
the most familiar constituents of the cell. The  microsome, 
centrosome, “ ZwischenKoqeF,,” ‘‘ ceZZ-pZnte ” and the poZar micro- 
somes all belong to  the same category of cytoplasmic material. 
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They are different from one another only in so far as their sizes 
are different, but the size, as has been already stated, is foreign 
to the question of their homologies. 

UNIVERSITY OF CHICAGO, 
May 10, 1893. 




